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The scorpaenid Maxillicosta scabriceps (Teleostei) and the platycephalid Platycephalus
longispinis (Teleostei) were trawled seasonally for a year from shallow (5-15 m) and
deeper (20-35 m) waters in four distantly-located regions of the inner continental shelf of
south-western Australia. The former species was more abundant in southern regions,
which is consistent with its temperate distribution, while the latter species was more
abundant in deep than shallow waters. Unlike M. scabriceps, P. longispinis with total
lengths < 110 mm were rarely caught, indicating that this latter species only moves on to
the sandy substrate of the inner shelf when it reaches a certain size. As M. scabriceps
increased in size, the contributions of mysids, amphipods and oxyrhyncan crabs to the
diet declined, while those of carid decapods and brachyrhyncan crabs increased. The
invertebrate fauna ingested by the smallest length-class of P. longispinis, 110-139 mm,
was similar to that of the same and largest length-class of M. scabriceps. However, unlike
M. scabriceps, this length-class of P. longispinis consumed teleosts, despite having a
relatively smaller mouth. The contribution of teleosts subsequently increased as
P. longispinis increased in size, a feature reflected by the relatively low dietary breadth
of large fish. The marked shift in the types of prey ingested by P. longispinis as it
increased in size accounted for the fact that, in contrast to M. scabriceps, there was limited
dietary overlap between the larger and smaller members of this platycephalid. The
ability of P. longispinis to ingest other fish is presumably related to the fact that
platycephalids lie just under the substrate surface and are thus concealed from their
potential prey, and that they are able to emerge rapidly and pursue their prey. Unlike
several other local demersal fish species, M. scabriceps and P. longispinis ingested only a
small amount of sediment, implying that these ambush predators target their prey very
precisely, a foraging mode that would be facilitated by the epibenthic and conspicuous
nature of their prey. The absence of marked differences in the dietary compositions of
these two species in different regions, water depths and seasons is consistent with a
specific mode of foraging by these species.
INTRODUCTION
Demersal species of teleosts are essentially restricted to feeding on those prey that
are found either in or close to the substrate and which typically comprise polychaetes,
molluscs, crustaceans and small benthic teleosts (Gibson & Ezzi, 1987; Harmelin-
Vivien et al., 1989; Meyer & Smale, 1991). However, the dietary compositions of the
various species within demersal fish communities sometimes differ quite markedly,
reflecting the different modes of feeding that are associated with a range of
morphological and behavioural adaptations (e.g. Blaber & Bulman, 1987; Gibson &
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Ezzi, 1987; Fujita et al., 1995; Motta et al., 1995). Yet it is still frequently possible to
group different species within a demersal fish community into a number of broad
feeding categories on the basis of their dietary compositions (e.g. Gibson & Ezzi, 1987).
Although similarities in dietary composition may be more pronounced when
species are closely related, generally as a consequence of similar morphology (e.g.
Rosenthal et al., 1988; Reilly et al., 1992; Deady & Fives, 1995; Murie, 1995), distantly-
related species sometimes target the same food resource or employ similar foraging
behaviour when in the same general area and this can result in a high level of dietary
overlap (Blaber & Bulman, 1987; Humphries et al., 1992). Foraging behaviour amongst
demersal fish generally involves the use of either active techniques, such as
swimming and searching for prey, or relatively sedentary techniques such as
ambushing their prey (Gerking, 1994).
The Scorpaenidae is widely distributed in both the northern and southern
hemispheres, whereas the Platycephalidae is restricted to the large Indo-Pacific
region (Nelson, 1994). Scorpaenids and platycephalids occur over sand and rocky
substrates and in sea grass and in depths of up to 200 m (Hutchins & Swainston, 1986;
Laurenson et al., 1993; Gomon et al., 1994). The various species of the Scorpaenidae
and Platycephalidae are typically cryptic and use ambush techniques to capture their
prey (Harmelin-Vivien & Bouchon, 1976; Bell & Harmelin-Vivien, 1983; Robertson &
White, 1986; Humphries et al., 1992; Gerking, 1994). Most of the studies of the diets of
these two families in the southern hemisphere have been carried out on species that
occur in estuaries or nearshore marine waters (Grant, 1972; Bell et al., 1978; Klumpp &
Nichols, 1983; Marais, 1984; Robertson & White, 1986; Humphries et al., 1992; Edgar &
Shaw, 1995). Furthermore, none of these studies or other work carried out on these
families in the northern hemisphere (e.g. Baba & Sano, 1987; Rosenthal et al., 1988;
Harmelin-Vivien et al., 1989; Reilly et al., 1992; Murie, 1995) have employed
contemporary classification and ordination techniques, backed up by supporting
tests for significant differences (Clarke & Warwick, 1994), to determine whether the
dietary compositions differ between species and between sites, seasons and body size
within a species.
The most abundant of the ten species of scorpaenid and seven species of
platycephalid that occur on the sandy substrates of the inner shelf waters of south-
western Australia are Maxillicosta scabriceps Whitley, 1935 and Platycephalus longispinis
Macleay, 1884, respectively (Laurenson et al., 1993). Indeed, the latter species is so
abundant that it forms a substantial part of the marketed bycatch of the local inshore
prawn and scallop trawl fishery (Laurenson et al., 1993).
The first aim of the present study was to determine the distribution of M. scabriceps
and P. longispinis in the shallow and deeper waters of the inner continental shelf of
south-western Australia and to ascertain how the composition of the diets of each of
these species change with body size, and whether the diets vary with season and
location of capture. Various techniques have then been used to ascertain whether the
diets of these two ambush predators were similar in coastal waters. The size and
morphology of the mouths of M. scabriceps and P. longispinis were then compared in
an attempt to explain any interspecific differences that were found in the components
of their diet.
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MATERIALS AND METHODS
Sample locations and sampling regime
Maxillicosta scabriceps and Platycephalus longispinis were captured by trawling from
nine sites within four regions on the lower west coast of Australia between latitudes
31°55'S and 33°33'S (Figure 1). Each region contained a shallow (5-15 m) site, lying
115 °E 118 °E






Figure 1. Map showing the location of the nine sampling sites on the lower west coast of Western
Australia.
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~ 1-3 km from the shore, i.e. sites 1,3,5 and 7, and either one or two deeper (20-35 m)
and usually more offshore sites, i.e. sites 2, 4, 6, 8 and 9. The substrate was relatively
homogeneous at each site, comprising mainly sand, with sea grass and drift weed
sometimes being present. Sampling was carried out in each season between the spring
of 1991 and winter of 1992. The areas trawled in each of the nine sites ranged from 4 to
14 km2.
The trawl net consisted of 50-mm stretched mesh in the wings and 45-mm stretched
mesh in the cod-end, and had a sweep length of 8 m and a height of 1 m. A 10-mm
thick ground (tickler) chain was positioned two links ahead of the ground rope (see
Laurenson et al. (1993) for additional details of the trawl net). The tickler chain
disturbs the bottom and thereby induces any fish buried near the substrate surface to
emerge. Four replicate 15 min trawls were carried out at each site at a speed of
~2-5 kn, each trawl covering a distance of 11-1-9 km. An additional pocket (cod-
end), with a mesh size of 25-mm, was added outside the existing pocket in the autumn
of 1992. The total numbers of M. scabriceps and P. longispinis caught in each replicate
trawl were recorded and adjusted to a density, i.e. number of fish per 10,000 m2. The
total lengths (TL) of up to 30 individuals of each species from each site and season
were recorded to the nearest 1 mm. [NB. Since weed, mainly comprising Posidonia
spp. and Ecklonia radiata, was frequently collected in the pocket of the net, it effectively
greatly reduced the mesh size of the net and this led to the retention of small
representatives of a number of different fish species (Sarre et al., 1997).]
Analysis of variance (ANOVA) was used to determine whether the density of each
species differed significantly among sites or seasons, both of which are considered
fixed factors. Since, in both cases, the densities were heteroscedastic, they were
Iogl0(n+1) transformed, which resulted in homoscedasticity. When ANOVA showed
significant differences, the a posteriori Scheffe's multiple comparison test was used to
determine which densities were significantly different at the 0-05 probability level.
Emphasis is placed on those effects which have high and significant mean squares in
the ANOVAs. Although the interactions for site and season were significant, their
mean squares were usually low and were thus less important than one or more of the
main effects.
Dietary analyses
A total of up to 15 of the first undamaged representatives of each species collected
at each of the nine sites during each season was stored frozen for subsequent dietary
analyses. No cases of stomach eversion were observed with either species.
The stomach of each fish was removed, and its fullness, on a scale of 1 to 10, was
recorded. The stomach contents were stored in 70% ethanol. They were later
examined under a binocular microscope, and each dietary item identified to the
lowest possible taxon. The percentage frequency of occurrence of each dietary item in
the stomachs of all fish (%F) and the relative contributions of each dietary item to the
numbers (%N) and volumes (%V) of the contents in the stomachs of each fish were
calculated. Volumes of dietary items were expressed using the points method (Hynes,
1950; Hyslop, 1980), which takes into account stomach fullness. Since the stomach
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contents contained numerous genera and species, each dietary item was placed in one
of a number of broader taxonomic groups, subsequently referred to as dietary
categories. Because unidentifiable material, algae and sediment collectively con-
tributed <l-5% to the total volume of the stomach contents of both M. scabriceps and
P. longispinis, and as the last two categories were probably ingested 'accidentally'
during feeding (see Bell et al., 1978), these three categories were excluded from further
analyses. As a preliminary examination showed that the stomach contents of males
and females of each species were essentially the same, the dietary composition data
for the two sexes of each species were pooled.
Since volumetric data best represent the relative importance of any particular
dietary category, especially in those cases where, due to advanced digestion, it may be
difficult to identify the number of individuals of a prey species (Hyslop, 1980),
subsequent analyses were performed using data on the volume of the dietary
categories. The percentage contributions by volume of the various dietary categories
to successive length intervals of 30 mm TL were calculated for each species. The
species diversity in the diet, which corresponds to dietary breadth (see Scrimgeour &
Winterbourn, 1987; Harmelin-Vivien et al., 1989; Pen et al., 1993), was calculated for
each length-class of both species, based on pooled data for each length-class, using the
Shannon-Wiener index (Pielou, 1966). The degree of similarity between the dietary
composition of each length-class of both species in all samples was assessed using
Schoener's index (Schoener, 1970), in which values range from 0 (no overlap) to 1
(complete overlap), with values greater than or equal to 0-6 being considered
'biologically significant' (Scrimgeour & Winterbourn, 1987).
The data for the dietary compositions of M. scabriceps and P. longispinis at each site
and in each season were subjected to classification and ordination. These analyses
used only those mean dietary compositions of a species at a given site in any given
season that were based on at least six stomachs which contained identifiable dietary
categories. These mean percentage contributions, subsequently referred to as dietary
samples, were root transformed, and a similarity matrix constructed using the Bray-
Curtis similarity coefficient. Classification, involving hierarchical agglomerative
cluster analysis with group-average linking, and ordination, employing non-metric
multidimensional scaling (MDS), were performed using the PRIMER package (Clarke
& Warwick, 1994). Classification of the data for dietary samples of M. scabriceps and
P. longispinis combined, resulted in an almost complete separation of the dietary
samples of these two fish species (Figure 5). For this reason, ordination of the dietary
data of each species was subsequently carried out separately. Acceptable stress levels
for MDS analyses were achieved with two dimensions with both M. scabriceps (0-08)
and P. longispinis (0-17). ANOSIM (analysis of similarities) was used to test whether
the samples for each species from different sites and seasons and the various length-
classes were significantly different (Clarke, 1993). Similarity percentages (SIMPER)
was used to determine which dietary categories characterized either sites or seasons,
and also which dietary categories contributed most to any dissimilarities between
samples (Clarke, 1993). Multivariate dispersion (MVDISP) was used to ascertain the
degree of dispersion of different dietary samples (Somerfield & Clarke, 1997).
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Morphological analyses
Head and mouth measurements, similar to those used by Motta (1988), were
recorded for 20 individuals of both M. scabriceps and P. longispinis, whose lengths
covered the full size range of the specimens retained for dietary analyses. The head
length (length from tip of the snout to the posterior edge of the operculum),
premaxilla length, dentary length, the extended positions of the upper and lower jaws
(lengths from extended upper and lower jaws to the posterior edge of the operculum),
mouth width (maximum width of gape with mouth fully open) and mouth height
(maximum height of gape with mouth fully open) were each measured to the nearest
01 mm. Each morphometric variable was regressed against the standard length, i.e.
length from tip of snout to the posterior edge of the caudal peduncle of the fish.
Analysis of covariance (ANCOVA) was then used to test whether or not the slopes of
the regression lines for each of these variables were significantly different. If the
slopes did not differ significantly, the y-intercepts were then tested by ANCOVA to
determine whether they were significantly different.
RESULTS
Spatial and temporal differences in density and length composition
Analysis of variance demonstrated that the densities of both Maxillicosta scabriceps
and Platycephalus longispinis differed significantly among sites (P< 0-001) and, in the
case of the latter species, also between seasons (P< 0-001) (Table 1). The two-way
interactions were also significant for each species (P< 0-001). Mean squares were
greatest for site for both species, followed by season for P. longispinis. Scheffe's
a posteriori tests showed that the densities of M. scabriceps were significantly greater at
the three most southern sites (7-9) than in the four most northern sites (1—4) and the
shallow water site 6 (Figure 2). In the case of P. longispinis, the densities in each region
were significantly greater in the deep site or sites than in the corresponding shallow
site, except for in the region where sites 3 and 4 were located. The densities of
P. longispinis were also greater in summer than in the spring in the four most northern
sites (1^1) and site 8.
Table 1. Mean squares and their significance levels for a two-way analysis of variance
(ANOVA) of the densities (numbers 10,000 m~2) of Maxillicosta scabriceps and
Platycephalus longispinis collected from nine sites in waters of the lower west coast of
Western Australia between the spring of 1991 and winter of 1992.
Species Factors Interaction Residual
Site Season Site x Season
(df) (8) (3) (23) (105)
M. scabriceps 3-44*** 0-11 0-15*** 0-05
P. longispinis 1-75*** 0-55*** 0-18*** 0-04
***,?< 0-001.
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Figure 2. Densities of Maxillicosta scabriceps and Platycephalus longispinis in the shallow and deeper
waters of the inner continental shelf of south-western Australia in each season between spring 1991
and winter 1992. ns, no sample taken.
The minimum and maximum lengths of M. scabriceps were 30 and 145 mm, while
those of P. longispinis were 103 and 380 mm, respectively (Figure 3). The mean lengths
of M. scabriceps at each site ranged from 59-8 to 96-3 mm, and were thus much smaller
than those for P. longispinis, which ranged from 184-3 to 245-2 mm. The minimum
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Site 1 2 3 4 5 6 7 8 9
(40) (17) (28) (11) (10) (41) (81) (98) (89)
1 2 3 4 5 6 7 8 9
(66) (33) (48) (47) (82) (9) (81) (49) (100)
Figure 3. Minimum, maximum and mean (+1 SD) total lengths for Maxillicosta scabriceps and
Platycqjhalus longispinis caught at all sites. Number of fish measured is shown in parentheses.
lengths of the M. scabriceps and P. longispinis retained by the 25-mm mesh pocket that
was added outside the 45-mm mesh pocket in autumn were 36 and 91 mm,
respectively.
Dietary composition
Food was found in 159 of the 207 stomachs (76-8%) of M. scabriceps and in 248 of the
304 stomachs (81-6%) of P. longispinis that were examined. Mean ( + SE) stomach
fullness for all stomachs was 4-9 +0-2 for M. scabriceps and 4-0 +0-2 for P. longispinis.
The 15 and 23 dietary categories identified for M. scabriceps and P. longispinis,
respectively, consisted mainly of crustaceans (Table 2). While teleosts also made a
substantial contribution to the diet of P. longispinis, they were not ingested by
M. scabriceps. Polychaetes and molluscs contributed to the diets of both species.
Crustacea was the major taxon most frequently ingested by both M. scabriceps and
P. longispinis, being found in the stomachs of 98-2 and 77-3% of these two species,
respectively (Table 2). This taxon also made the highest percentage contribution to
both the total numbers (91-8 and 82-9) and volumes (91-7 and 550) of the stomach
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Table 2. Frequency of occurrence (%F) and percentage contribution by numbers (%N) and
volumes (%V) of each major taxon and dietary category to the diet o/Maxillicosta scabriceps








































































































































































N, number of fish which contained identifiable dietary categories in their stomachs. Major taxa in boldface.
contents of M. scabriceps and P. longispinis, respectively. The next most commonly
ingested major taxon by M. scabriceps was the Polychaeta (19-9%), whereas for
P. longispinis it was the Teleostei (38-9%) (Table 2).
In the case of M. scabriceps, gammarid amphipods was the most frequently
consumed dietary category (50-6%) and made the greatest contribution to the total
numbers (37-6%) and dietary volume (214%) of the stomach contents. Oxyrhyncan
crabs and mysids were the next most important dietary categories, being ingested by
34-9 and 30-7% of individuals respectively, and collectively contributing 32-7% to the
dietary volume. Polychaetes, flabelliferan isopods, carid decapods and brachyrhyncan
crabs were each ingested by between 15 and 20% of M. scabriceps, and each
contributed between 7 and 12% to the total volume of the diet of this species (Table 2).
Mysids, oxyrhynchan crabs and teleosts were each ingested by at least 30% of
P. longispinis, and the first two categories each contributed >25% to the total numbers
in the diet, and 11.5 and 19.7%, respectively, to the dietary volume (Table 2). Clupeids
and gerreids were the most important teleosts, collectively contributing > 11% to the
volume of the stomach contents. Other dietary categories, such as polychaetes,
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gammarid amphipods, flabelliferan isopods and carid decapods, were each ingested
by between 10 and 20% of P. longispinis, and collectively contributed nearly 20% to the
total dietary volume. No other identifiable dietary category contributed >4% to the
volume (Table 2).
Ontogenetic changes
The diets of small M. scabriceps (50-79 mm) consisted predominantly of mysids,
amphipods and oxyrhyncan crabs, with these three categories comprising nearly 70%
of the total dietary volume (Figure 4). Lesser contributions were made by polychaetes,
isopods, carid decapods and brachyrhyncan crabs. As this species increased in length,
the contributions of amphipods, mysids and polychaetes declined, whereas the
reverse occurred with carid decapods and brachyrhyncan crabs. Amphipods, carid
decapods and oxyrhyncan and brachyrhyncan crabs each contributed ~20% to the
diets of the largest fish, i.e. those with lengths of 110-139 mm (Figure 4).
Maxillicosta scabriceps B Platycephalus longispinis
110-139
Length 0 25 50 75









































Figure 4. Percentage composition by volume of different dietary categories in sequential 30 mm
length-classes of Maxillicosta scabriceps and Platycephalus longispinis. Number of fish which contained
identifiable dietary categories in their stomachs is shown in parentheses.
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While brachyrhyncan crabs and teleosts contributed most to the diet of the smallest
P. longispinis, i.e. those with lengths of 110-139 mm, substantial contributions were
also made by polychaetes, mysids, amphipods, isopods and oxyrhyncan crabs (Figure
4). In the next size-class (140-169 mm), the contribution of brachyrhyncan crabs was
negligible, and dietary categories, such as mysids and oxyrhyncan crabs, became
much more important. In the larger length-classes, the contribution of particularly
mysids, amphipods and oxyrhyncan crabs to the dietary volume progressively
declined with increasing length of fish, with the result that each of these groups
contributed <3% to the diets of the two largest length-classes. The contribution of
teleosts rose progressively from just over 20% in fish of 110-139 mm to a maximum of
nearly 60% in the 260-289 mm length-class. Bivalves, such as Soletnya australis
(Lamarck, 1818), and cephalopods and carid decapods collectively contributed 52% to
the dietary volume in the largest length-class (Figure 4).
The dietary breadths of M. scabriceps increased slightly but progressively from 0-821
in fish of 50-79 mm to 0-852 in the largest length-class (110-139 mm) (Table 3). The
dietary breadths of the four smallest length-classes of P. longispinis, which ranged
from 0-792 to 0-876, were greater than those of the large length-classes, which ranged
from 0-641 to 0-652.
Table 3. Overall dietary breadths for each successive length-class o/Maxillicosta scabriceps


























Values for Schoener's overlap index between each of the length-classes of
M. scabriceps ranged from 0-65 to 0-79 and those for successive length-classes of
P. longispinis ranged from 0-64 to 0-77 in all but the 260-289 vs 290-319 length-classes,
in which case the dietary overlap was 0-55 (Table 4). However, values between more
divergent size-classes of P. longispinis were <0-60, except with the 200-229 mm
length-class vs the two largest size-classes. Interspecific dietary overlap values were
^ 0-60 only in the cases of the two larger length-classes of M. scabriceps (80-109 and
110-139 mm) vs the smallest length-class of P. longispinis (110-139 mm) and of the 80-
109 mm length-class of M. scabriceps vs the 140-169 mm length-class of P. longispinis.
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Table 4. Schoener's overlap indices between the diets of different length-classes of
Maxillicosta scabriceps and Platycephalus longispinis between the spring of 1991 and
winter of 1992. NB. Values >0-60 are highlighted in boldface.










































































Classification and ordination of dietary samples
Classification, using all of the dietary samples for both species, produced two large
clusters, one comprising only dietary samples of P. longispinis (group B), and the other
(group A) containing all but one of the samples of M. scabriceps and a single sample of
P. longispinis from site 2 in spring (Figure 5). There were two outliers, namely the one
for M. scabriceps from site 2 in autumn and the one for P. longispinis from site 7 in
summer.
Within the large cluster of samples for M. scabriceps (group A), there was a group
(C), which contained all of the four spring samples (Figure 5). The cluster for
P. longispinis (group B) contained a large group (D), that comprised the vast majority
of the samples, and which in turn contained a subgroup (E) that comprised half of all
the samples, including all but one of those from summer and all but two of those from
autumn (Figure 5).
In the ordination plot for M. scabriceps, the dietary samples from site 1 in the
shallows and site 2 in the deeper waters in the northernmost region lay to the left of
those from the southern sites (Figure 6A). Similarity percentages showed that the
typifying dietary categories for fish at site 1 were mysids, brachyrhyncan crabs,
isopods, amphipods and chitons, while amphipods, isopods, mysids and polychaetes
characterized the diets of fish at site 2. Although these groups were likewise
important dietary items for fish in most of the southern sites, oxyrhyncan crabs and
carid decapods were also important contributors to the diets of fish in those sites. The
spring samples in the two most southern regions formed a relatively tight group
(Figure 6B), which is reflected by a dispersion value (0-32) that is far lower than for
that in any other season (0-92-1-32). The diets in spring were dominated to a greater
extent by amphipods and oxyrhyncan crabs than was the case in other seasons, when
the contributions made by polychaetes and isopods were greater.
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Figure 5. Classification of the volumetric dietary data for all individuals of Maxillicosta scabriceps and
Platycephalus longispinis, collected at each site between spring 1991 and winter 1992. M, Maxillicosta
scabriceps; P, Platycephalus longispinis. Sp, spring; S, summer; A, autumn; W, winter.
Although ordination plots showed little grouping by site for P. longispinis (Figure 6C),
the sample for site 2 from spring was discrete, lying to the left and below all other
samples (Figures 6C,D), thereby paralleling the results of classification (cf. Figure 5). The
samples for summer form a relatively tight group (Figure 6D), which is reflected by a
lower relative dispersion value for this season (0-73) than any other season (0-80-1-54).
Similarity percentages demonstrated that the dietary composition in summer was
dominated by oxyrhyncan crabs, with secondary contributions being made by fish, carid
decapods and isopods. Mysids were less important in summer than in other seasons.
When the dietary data for each species at each site in each season were subjected to
ANOSIM, a significant difference was only found to occur in the case of summer vs
winter with P. longispinis (P < 0-01). However, it should be recognized that the number
of samples was small, particularly in the case of M. scabriceps, and that this will have
greatly reduced the likelihood of detecting differences.
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Figure 6. Two-dimensional multidimensional scaling (MDS) ordination, using volumetric dietary
data for Maxillicosta scabriceps and Platycephalus longispinis at each site between spring 1991 and
winter 1992, but with the data for seasons pooled (A & C, respectively), and in each season, but with
data for each site pooled (B & D, respectively). Sp, spring; S, summer; A, autumn; W, winter.
Since the overall dietary samples of neither M. scabriceps nor P. longispinis differed
conspicuously between sites and only on one occasion between seasons, ordination
was repeated using data for the different length-classes, based on samples from all
sites and seasons, in order to explore the way in which the diets of different-sized fish
were related. The stress level for this ordination was very low, i.e. 0-04. The dietary
samples of the three length-classes of M. scabriceps lay to the left of each of the seven
size-classes of P. longispinis (Figure 7). The samples of the two size-classes constituting
the smallest representatives of P. longispinis lay closest to those of M. scabriceps, while





Figure 7. Two-dimensional multidimensional scaling (MDS) ordination, using volumetric dietary
data for sequential 30 mm size-classes of both Maxillicosta scabriceps and Platycephalus longispinis and
employing pooled data for sites and seasons. O, M. scabriceps; D , P. longispinis.
those of the three size-classes of the largest representatives of P. longispinis lay farthest
from those of M. scabriceps. Analysis of similarities demonstrated that the dietary
composition of M. scabriceps differed significantly from that of P. longispinis.
Mouth morphology
Analysis of covariance showed that the slopes of the linear regressions relating the
lengths of the premaxilla and dentary and the extension of both the upper and lower
jaws to standard length did not differ significantly between species in any of these
four cases (P>005) (Figure 8). In each of these cases, the y-intercepts were
significantly different (P<005) and, in the region where the total lengths of the two
species overlapped, the points for M. scabriceps lay above those for P. longispinis. The
slopes for mouth width and mouth height were significantly steeper for M. scabriceps
than for P. longispinis (P< 0-001). However, in each of these two cases, the points for
M. scabriceps again lay above those of P. longispinis of comparable size (Figure 8).
DISCUSSION
Distribution and size composition
This study shows that the densities of the scorpaenid Maxillicosta scabriceps and the
platycephalid Platycephalus longispinis are similar in the deeper waters of the most
southern of our four sampling regions on the inner shelf of south-western Australia.
However, in contrast to P. longispinis, the densities of M. scabriceps were greater in
both the shallow and deeper waters of the more southern region than in those of the
more northern region, which is consistent with the essentially temperate distribution
602 M.E. PLATELL AND I.C. POTTER






r 2 = 0.991






r 2 = 0.991
r 2 = 0.988
_ Dentary length
r 2= 0.960






0 50 100 150 200 250 300 0 50 100 150 200 250 300
Standard length (mm) Standard length (mm)
Figure 8. Regressions of jaw measurements of Maxillicosta scabriceps and Platycephalus longispinis
against standard length, together with the correlation coefficients for the slopes. # , M. scabriceps;
O, P- longispinis.
of this scorpaenid (Hutchins & Swainston, 1986). Our data also demonstrate that the
densities of P. longispinis were greater in deep than shallow waters, whereas no such
depth differences occurred with M. scabriceps. Platycephalus longispinis is also
abundant in water depths of 30 m in eastern Australia (Gray & Otway, 1994).
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Extensive sampling of estuaries and shallow (<2 m deep) nearshore waters in
south-western Australia has failed to yield either M. scabriceps or P. longispinis (e.g.
Potter et al., 1990; Ayvazian & Hyndes, 1995). Since the large numbers of M. scabriceps
collected by trawling during the present study contained both a wide size range and
sexually-mature representatives of this species, the sandy areas in water depths of 5—
35 m provide a major habitat for this scorpaenid. This pattern of distribution differs
from that of other small scorpaenids, such as Gymnapistes marmoratus (Cuvier, 1829),
Centropogon australis (Shaw, 1790) and Hypodytes rubripinnis, which spend at least a
major part of their life cycle in esruarine or nearshore marine waters (Grant, 1972; Bell
et al., 1978; Baba & Sano, 1987). Since these latter species are often found amongst sea
grass, and Hutchins and Swainston (1986) state that M. scabriceps also occurs amongst
sea grass, it is relevant that the catches of this scorpaenid tended to be greatest at sites
where the net trawled the largest amounts of sea grass.
The fact that M. scabriceps was consistently caught at a very much smaller size than
P. longispinis provides strong circumstantial evidence that the latter species only
moves on to the sandy substrates of the inner continental shelf when it has already
reached a substantial length. Such a view is strongly supported by the fact that
P. longispinis was rarely caught at lengths <110 mm, even when the 25-mm mesh
pocket was placed outside the 45-mm mesh pocket during the sampling of all sites in
autumn. Furthermore, since the small representatives of other relatively cryptic
species, such as species of triglids, soleids and pleuronectids, were consistently
captured by the 45-mm mesh (Laurenson et al., 1993), trawling would be expected to
have caught small P. longispinis if they had been present. The early juveniles of
P. longispinis thus presumably occupy other habitats, possibly around the extensive
reefs, which are found along the lower west coast of Australia and where small
platycephalids are known to occur (B.J. Hutchins, personal communication).
Dietary composition
Our data demonstrated that, in the coastal waters of the inner shelf of south-
western Australia, M. scabriceps and P. longispinis both feed on a wide variety of
predominantly epibenthic invertebrates, including various taxa of crustaceans and
polychaetes, and that the latter species also ingests an appreciable volume of teleosts.
The very large contribution made by epibenthic crustaceans to the diet of M. scabriceps
parallels the situation exhibited in nearshore and far shallower waters by other small
species of scorpaenid, such as G. marmoratus and C. australis (Grant, 1972; Bell et al.,
1978; Robertson & White, 1986; Edgar & Shaw, 1995). The marked consumption of
crustaceans by M. scabriceps parallels the situation with other cryptic ambush feeders,
such as different species of pleuronectids and soleids (Wheeler, 1978; Ntiba &
Harding, 1993; Martell & McClelland, 1994). While M. scabriceps mainly consumes
amphipods, mysids and crabs, as is also the case with similar-sized C. australis (Bell et
al., 1978), the larger representatives of G. marmoratus also consume larger and faster
prey, such as penaeid decapods (Grant, 1972; Robertson & White, 1986). The broad
similarity between the dietary composition of M. scabriceps and those of other
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scorpaenids, which are found in different depths and habitats, suggests that all
scorpaenids typically feed on certain types of prey, regardless of habitat or the
diversity of potential prey (see also Harmelin-Vivien et al., 1989).
The consumption by P. longispinis of mainly crustaceans (especially crabs, mysids
and decapods) and teleosts, parallels the situation with other species of platycephalid
(Colefax, 1938; Klumpp & Nichols, 1983; Marais, 1984; Humphries et al., 1992). A
concentration by platycephalids on a few types of crustaceans, such as carid decapods
(Humphries et al., 1992) or crabs (Klumpp & Nichols, 1983), often reflects a local
abundance of these respective prey types. Since epibenthic mysids make a greater
contribution to the diet of P. longispinis in this study than has been recorded for other
platycephalids (see Klumpp & Nichols, 1983; Marais, 1984; Salini et al., 1990;
Humphries et al., 1992) and are also an important component of the diets of several
other fish species in the study area (Platell et al., 1997; M.E.P., unpublished data), they
are presumably very abundant in the inner shelf waters of south-western Australia.
Platycephalus longispinis also ingested a considerable volume of small demersal teleost
species, such as gerreids, which are very abundant locally (Sarre et al., 1997). Other
platycephalid species have also been found to consume teleosts to a similar or greater
extent (Colefax, 1938; Marais, 1984; Salini et al., 1990; Humphries et al., 1992).
Ontogenetic changes, mouth morphology and foraging behaviour
The very low contributions made by copepods and other small crustaceans to the
diets of the smallest individuals of both M. scabriceps and P. longispinis contrasts with
the situation found with the small individuals of other marine fish, in which these
small crustaceans form the bulk of their diet (see e.g. Reilly et al., 1992; Coull et al.,
1995; Platell et al., 1997). This probably reflects the fact that their relatively large
mouths (cf. Platell et al., 1997), cryptic behaviour and ambush techniques would
facilitate the capture and ingestion of relatively large prey (Harmelin-Vivien &
Bouchon, 1976; Humphries et al., 1992; Gerking, 1994; Gosline, 1996).
The consumption of mainly amphipods and mysids by the small individuals of
M. scabriceps is similar to the situation found with small representatives of other
scorpaenids, such as those of C. australis, H. rubripinnis, Scorpaena notata and
Scorpaena porcus (Bell et al., 1978; Baba & Sano, 1987; Harmelin-Vivien et al., 1989),
and of other pleuronectid species (Martell & McClelland, 1994; Redon et al., 1994).
Likewise, the relatively low importance of amphipods and mysids and relatively
greater contributions of carid decapods and brachyrhyncan crabs in larger fish also
parallels the composition of the prey of larger individuals of other scorpaenids,
such as G. marmoratus (Grant, 1972) and of S. notata and S. porcus, which reach a
much greater maximum size (Harmelin-Vivien et al., 1989).
Although P. longispinis of 110-139 mm consume teleosts, it seems unlikely that the
smaller representatives of this predator would have been able to ingest fish. The
importance of teleosts to the diet of P. longispinis increased progressively with
increasing body size, with a substantial volume of cephalopods being ingested by the
largest size-class. Similar-sized representatives of Platycephalus laevigatus in shallow
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sea grass meadows also consume a considerable volume of teleosts and cephalopods
(Klumpp & Nichols, 1983), suggesting that different species of platycephalids, when
of a similar size, consume similar prey, irrespective of habitat.
The mouth size to body size ratio of M. scabriceps and P. longispinis are amongst the
largest of the demersal species found in south-western Australian coastal waters
(Hyndes et al., 1997; Platell et al., 1997; M.E.P., unpublished data). This is consistent
with the fact that comparable species which ambush their prey have large mouth
gapes and are therefore able to select and consume larger prey in general (Bell et al.,
1978; Gerking, 1994; Gosline, 1996). Since the proportion of algae and sediment in the
diet of M. scabriceps and P. longispinis was far lower than in the diets of other fishes in
the study area (Platell et al., 1997; M.E.P., unpublished data), these species are
apparently able to target their prey very precisely. Such targeting would be facilitated
by the fact that the majority of the invertebrate prey consumed by both species, such
as large amphipods, mysids and crabs, are epibenthic and conspicuous, which would
enable them to be easily detected and captured.
Comparison of the dietary compositions of the overlapping size-class of
M. scabriceps and P. longispinis of 110-139 mm, shows that this size range of both
species consumed very similar invertebrate prey, such as mysids, amphipods, isopods
and brachyrhyncan and oxyrhyncan crabs. This accounts for the relatively high and
significant interspecific dietary overlap values of this size-class, and the fact that, on
the ordination plot, the point for the dietary sample of this size-class of P. longispinis
lay closest to those of M. scabriceps. However, teleosts contributed 20% to the diet of
this size category of P. longispinis, but were never found in the stomachs of
M. scabriceps, despite the fact that the mouth dimensions, including width and
height, were relatively greater in M. scabriceps than in P. longispinis. Teleosts make at
best a negligible contribution to the diets of other small scorpaenids (Grant, 1972; Bell
et al. 1978; Baba & Sano, 1987). The tendency for platycephalids, but not comparable-
sized scorpaenids, to feed on teleosts may thus reflect, in part, the fact that since they
bury just below the substrate surface (Douglas & Lanzing, 1981), they are concealed
from their prey. Platycephalids also tend to be more mobile than scorpaenids. The
indications that M. scabriceps and P. longispinis target particular prey is consistent with
the observation that ordination showed that the dietary composition of both of these
species did not vary markedly between sites, and that significant seasonal differences
only occurred with P. longispinis and then only between summer and winter. The
results of analyses, employing both Schoener's index and classification and
ordination, showed that the diets of each of the three size-classes of M. scabriceps
were similar. They also demonstrated, however, that the increasing tendency for
P. longispinis to feed on teleosts, and to a certain extent on cephalopods and the large
bivalve Solemya australis, accounts for the marked dissimilarity in the diets of the large
and smaller representatives of this platycephalid, a feature that would reduce the
likelihood for intraspecific competition for food. The increasing dominance of teleosts
in the diet of P. longispinis with increasing size also accounts for the low dietary
breadth of the larger members of this species.
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